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IN T RODUC T ION
This report describes scouting experiments on evaporation and calci nation of radioactive liquid wastes. Storage of radioactive wastes as solids should be less hazardous than liquid storage and may prove to be less expensive. T he degree of volatility of fission products during calcination is an important factor in determining the feasibility and cost of calcination. T his work and the suggested flowsheet represent an initial scouting effort in the ORNL program for "pot" calcination of high radioactive level wastes. > Seven experiments were made with waste simulating that from Darex (dilute aqua regia and Sulfex sulfuric acid) decladding of stainless steel-clad fuel and Purex extraction (tributyl phosphate from nitric acid solution) of uranium fuel. T he wastes were spiked to intermediate levels of activity, up to h x 10 13 each beta and gamma counts/min/ml (90 curies/ liter), with raw waste from Purex processing of irradiated fuel. One run was made with raw Purex waste of 8 x 10
13 each beta and gamma counts/min/ml. Because of the high level of activity, experiments could not be as exten sive as was desired with the equipment available. In one experiment kaolinite was added in an attempt to decrease the water leaching of fission products from the calcination product.
The author acknowledges the assistance of the group of ORNL Analytical Chemistry Division, who determined the fission product values in the various samples.
FLOWSHEET
A suggested flowsheet for converting liquid radioactive wastes to solid prior to storage consists in evaporating and calcining the waste (Fig. l) . Neutralization of the waste prior to evaporation may decrease ORNLLRIWG. 600h3 the volatility of the fission products, and addition of clay may decrease the leachability of fission products from the calcination cake.
The liquid is evaporated and the residue calcined, with the temperature gradually increasing to approximately 750°C. The off-gas is passed through a condenser, and the noncondensable portion is scrubbed with caustic prior to release. The condensed off-gas, containing fission products, is recycled to the evaporator. The calcined solid is stored.
EXPERIMENTAL WORK

Results
The maximum fission product recovery from the off-gas was 0.5$ of the amount in the original waste, ruthenium being the most volatile (Table 1) . Fission products in the noncondensable off-gas from Purex and Sulfex type wastes were a factor of 10 to 100 lower than in that from Darex type waste. Neutralization of the waste decreased the noncondensable off-gas activity by a factor of 10 to 100 with all three wastes.
The calcination cake activity reading at 1 ft was 500 to 100 r. The addition of kaolinite clay to the waste did not prevent water leaching of the fission product from the calcined cake. When the solid was leached 96 hr in cold water, appreciable radioactivity was found in the leach t liquor ( 3-ia, schedule 40 pipe, in which the calcination vessel, a 600-ml stainless steel beaker, was placed. Off-gas escaped through a 0.25-in.-dia hole in the liner cover and passed to a glass water-cooled condenser. Noncondensables went to the bottom of a packed-bed scrubber, a l-in.-dia glass pipe 24 in. high, packed with 20 in. of 0.25-in.-dia Raschig rings, and was removed from the top. Ten per cent sodium hydroxide was pumped into the top of the column by a Sigma motor (finger) pump and drawn from the bottom. Gas leaving the scrubber was bubbled through two glass bubblers, each containing 200 ml of 10$ sodium hydroxide, and then went to the plant radioactive off-gas system. The experimental equipment scheme is shown in Fig. 3 an <l "the compositions of the solutions used in Table 3- The heating cycle for the calcination was 10 to 12 hr. The waste mixture was heated to approximately its boiling point and held at this temperature until 70 to 80$ of the original mixture appeared as condensate, At this point the rate of condensate production decreased or stopped, and the temperature was increased to 700 to 800°C and was held there 2 to 3 hr. During the initial heating, while the liquid was boiling, the condensate receiver was emptied and sampled four or five times.
The packed-bed scrubber, containing approximately 400 ml of 10$ sodium hydroxide, was sampled after each condensate sample was taken. The caustic bubblers were sampled only at the end of each run.
In run 65, in which clay was added, 194 g of Georgia kaolinite, 15 g of boric acid, and 28 g of sodium hydroxide* were added to 100 ml of raw Purex waste, plus 200 ml of water to permit mixing. After the calcination, the cake was leached by adding 100 ml of water, all of which was absorbed by the sintered solid the first day. The next day another 100 ml was added, and the liquid was sampled every 24 hr.
When neutralized waste was run, sodium hydroxide was added and the mixture was stirred prior to calcination.
Analytical Procedures
The gross gamma activity was determined with a deep-well crystal gamma spectrometer system and the gross beta by taking a small amount of the sample, evaporating to dryness, and counting with a Geiger-Mueller tube system. The individual fission products were separated by chemical procedures and then counted. The counting efficiencies for the various isotopes varied from 4$ for the strontium to between 17 and 22$ for the other fission products reported.
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•^Formula proposed by T. Tamura, Health Physics Division, ORNL. 
